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CHAPTER I 
INTRODUCTION 
The concept that estrogens an~ androgens are capable of functioning 
a§ .1neta.bolic regulators ,i.s contparatively lleW, even ~~ough the. synthetic 
es'tr<>gen stilbestrol 1 has been employed as a growth-stimulating compound 
for several years. Oral administration or subcutaneous implant$ of 
stilbestrol result in an increased rate of gain in feeder lambs and 
cattle (1, 5). F.;xperimental results have indicated that stilbestrol in-
hibits succinoxidase activity in various tissues (4, 8, 11, 1~, 14), and 
stimulates proteinase activity in the pituitary tissue of rats (13). 
However, it does not seem plausible that these two effects could account 
for the total alteration of metabolism Qbserved in experimental animals .. 
Since ruminant digestion involves the metabolic activity of a com-
plex microflora, it is possible that stilbestrol might exert an influ-
ence by altering the population or the metabolism of these organisms. 
Stimulation of cellulose digestion by ovine rumen microorganisms bas 
been reported both .i!! vitro and .in Jl.in, but test animals could not .tol-
erate the levels of stilbestrol required to produce the .i!! vivo stimu~ 
lation (2). These results suggest that the sites which are sensitive to 
stilbestrol activity are present both in metabolic mechanisms of the ani-
mal and those of the rumen microflora. 
loiethylstilbestrol; df_ ,/t' .... dihydroxy-o(._#-diethylstilbene. 
1 
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Additional information concerning the effect of stilbestrol on micro-
organi_sms is limited~ . Brownlee~ ~ al! _(3) :repor:ted that stilJ:>e_str~l-type 
compounds were bactericidal aga_inst gram-positive' staphylococcus and 
streptococcuso On the other hand, San Clemente and MacKenzie (16) have 
suggested that stilbestrol exerts only a bacteriostatic effect on a rath-
er wid(} r_.1nge of gram-positive 9rganisms. These authors also showed 
that gram-negative organisms were not appreciably ~ffected by stilbes-
trol. Salmony (15) and Schacter (17, 18, 19) have reported that stil-
bestrol stimulates the endogenous respiration of yeast, but that the oxi-
dation of a number of substrates by this organism is inhibited. 
Stilbestrol is incorporated extensively in feedstuffs to facilitate 
rate of gain in animals and therefore is important in agricultural eco-
nomics. Since reports concerning the effects of this compound are in-
conclusive and tend to be conflicting in several instances, additional 
knowledge of the mechanism(s) involved in its activity is desirable. 
The studies reported herein were undertaken to elucidate some of the bas-
ic effects exerted by stilbestrol on metabolic processes of Aerobacter 
aeroqenes, in order that a better understanding of its primary func-
tion(s) might be gained. 
CHAPTER II 
MATERIALS AND METilODS 
Methods included in this section are of a general nature. Devia-
tions from these procedures are appropriately noted in the text. 
Test organism. 
A laboratory stock culture of Aerobacter aerogene~ was employed in 
all studies. This organism was maintained Qn nutrient agar slants. Cul-
tures were incubated for 24 hours at 37° C then refrigerated between 
transfers. 
Synthetic medium. 
The synthetic medium employed in these studies was composed of the 
following: NaCl, 0.20 g.; KH2Po4, 0.32 go, K2BP04• 0.42 g.; and NH4Cl, 
o. 20 g. dissolved in 100 ml. of distilled water. Aftel' sterilizatiQn, 
0.1 ml. of a mineral salts solution was added. Solid medium was prepar-
ed by adding agar c2rJ as the solidifying agent. 
Mineral salts solution. 
The mineral salts solution was sterilized separately and added tQ 
the basal medium just prior to use. The following compounds were added 
to 100 ml. of distilled water to make up this solution: MgS04• 7H20, O. 5 g.; 
MnSo4• 0.1 g.i FeC13, 1.0 g.; and CaCI2, 0.5 g. 
Manometric studies. 
Respirometer studies were performed employing standard techniques (22). 
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Exp_eriment~ w.ere ccmducte9 at 37° C, using air .. a.s the gas phase. ~ps9:rp':' 
ti~:m .. ~f carbc>n dioxide was. accomplished by_ placjng 00 ~ 8-1.1 .... ot ?O p~;r; ~~nt 
potassium hydroxide and a strip of fluted filter paper in the center well 
of the Warburg flask. Substrates were placed in the sid~arms and the 
cell suspension in the reaction compartment of th~ flask. 
Cell counts. 
Total cell counts were made from aliquots of the respective test 
systems. Aliquots were removed, diluted appropriately, and plated on 
nutrient agar. The double layer plating method was used and consisted 
of pipetting the diluted cell suspension into a plate containing a thin 
layer of agar, adding more agar, and mixing before solidification. To 
insure accuracy three dilutions were plated in triplicate. The colonies 
were counted after incubation for 24 hours at 37° C. 
Ammonium sulfate. 
Reagent grade ammonium sulfate was recrystallized by adding 2.0 g, 
of (ethylenedini trilo) tetraacetic acid (versene) per U ter of saturated 
ammonium sulfate, adjusting the pH to slightly basic conditions (7.4-7.8) 
with ammonium hydroxide then adding additional ammonium sulfate to ob-
tain super-saturation at 100° c. On cooling, ammonium sulfate crystals 
precipitated. These were removed by filtration, dried, and employed in 
all ammonium sulfate fractionations. 
Protamine sulfate. 
Protamine sulfate (1%) was dissolved in 0.03 M phosphate buffer and 
the pH adjusted to 7.6. This solution was used in all protamine 'Sulfate 
fractionations. 
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.. Fractionated protein solutions. 
A. aerogenes protein fractions were prepared by grinding the c~lls 
in a Virtis homogenizer with glass beads, rinsing the beads with three 
volumes of 0.01 M tris buffer of pH 7.0, and ~entrifuging the wash for 
30 minutes at 10,000 x g. The supernatant was then centrifuged Jt 20,0~0 
x g. for 1 hour after which the supernatant was decanted and fractionat-
ed. Protamine sulfate was added with mixing until a rather dense stringy 
white precipitate formed. This precipitate was removed by centrifuga-
tion. Ammonium sulfate was then added to the supernat~t to 70 per cent 
saturation and mixed for 15 minute~. The precipitate was removed by cen-
q.·ifugation, resuspended in a small volume of the tris buffer, and dial-
ysed against distilled water. The dialysate was further fractionated 
with ammonium sulfate as desired by following the same procedure. 
Hydrogen cyanide solution .. 
A 0.01 M solution of bydrQgen cyanide was prepared by adding 0.8 ml. 
of 1. 0 N hydrochloric acid to 66 mg. of potassium cyanide in 99. 2 ml. of 
distilled water. The pH of this solution was approximately a.o. 
Succinic dehydrogenase assay. 
The activity of succinic debydrogenase was followed employing the 
phenazine methosulfJte assay (20) by measuring oxygen uptake manometric-
ally. The protein solution, o.5 ml. of 0.3 M phosphate buffer of pH 7.6, 
0.1 ml. of 0.01 N sodium hydroxide or stilbestrol (20 ug) in sodium hy-
droxide and succinate were placed in the reaction compartment of the 
Warburg flask. Phenazine methosulfate wa$ placed in one sidearm and 
0.3 ml. of hydrogen cyanide solution or catalase (1.75 mg., yeast) and 
0.05 ml. of ethanol (95%) were pipetted into the other sidearm. Distilled 
6 
water was added to bring the total volume to 3.0 ml. After an equilibra-
tion period of 10 minutes at 37° C, the reactants in the sidearms were 
dumped and oxygen consumption followed. The optimum concentration of 
phenazine methosulfate was determined for each protein preparation. 
CHAPTER III 
EXPERIMENTAL AND RESULTS 
The Effect .2i SU lbestrol .Q!1 the Growth il ,8. aerogene~ .. 
Since stilbestrol increases the rate of gain in ruminants and some 
species of fowls, and has been reported to exert various influences on 
microorganisms, it was desirable to elucidate mechanisms involved in the 
activities of this estrogen. Studies were conducted to determine if 
stilbestrol influenced the growth of ,8. 9er<u1enes. A mono-, di-, tri-, 
and polysaccharide were employed individually as sole sources of carbon 
and energy for aerobic growth. 
The cells to be used as the inoculum were grown in synthetic medium 
with O.l per cent glucose as the carbon source by incubating for 20 hours 
at 37° C with constant shaking. An aliquot was removed, washed three 
times with 0.02 M phosphate buffer of pH 7.0, and resuspended in buffer 
to give 10 per cent transmittance at 420 mu in a Spectronic 20 colorimeter. 
One-half ml. of this standardized cell suspension was used as the jnoc-...lum. 
The carbohydrates were heat sterilized separately and added to the 
synthetic medium just prior to use. The substrates were present in a 
final concentration of O.l per cent, with the exception of starch which 
was employed in a concentration of 0.05 per cent. Stilbe~rirol was added 
directly to the synthetic medium in a final concentration of l.O mg per ml. 
Calibrated tubes, containing 9.5 ml. of synthetic medium plus carbo-
hydrate and o. 5 ml. of inoculum, were incubated at 37° C. Growth was 
7 
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followed by measuring per cent transmit:tance at 420 mu. Since stilbestrol 
is only slightly soluble in aqueous SQllt:ti9P,. ;r,:e1d.iJ1gs. 1,Ve_r~ made b<>t!i _be-
tor_ apd afte.r sbakjng :to facilitat, ac:curate determinations. Controls 
co~t~ining. the inoculum with substrate and inoculum with stilbestrol were 
included in all experiments. 
The effect of stilbestrol on the growth of A. aerogenes was deter-
mined using glucose, maltose, raffinose, and starch as substrates. Ex-
perimental controls, in which the carbohydrate was omitted and stilbes-
trol was present, showed that this organism is not capable of utiliiing 
stilbestrol as a source of carbon and energy. Additional results indi-
cated that the estrogen did not alter the growth qf _a. aerogenes sig-
nificantly when either glucose, maltQse, or ratfinose was utilized as a 
source of energy, since the change in per cent transmittance in the stil-
bestrol containing tubes did not. di;ffer appreciably frc.,• that in the sub-
strate controls. This obse1vation was $Ubstantiated by results of vi.able 
cell counts, in which aliqu.ots •re renioved from the test systems, plated 
on nutl'ient agar, and colonie.s co•nt,d after ine:ubation. Viable count.s 
from exp6-riments employing gl:ucose, mal,to•e, .and raf;finose are presented 
.. in th,e Appendix. _ 
A st,imulation or enhancement. of growth, was obs~rved when st.arch was 
employed as the su·bstrate~ The data indi<:ated that the lag period was 
considerably shorter in the presence of stilbestro.l than in the starch 
control. This observation was confirmed by viable cell counts which 
showed that the number of viable cells increased at a .more rapid rate in 
the stilbestrol containing system than in the starch cQntrol system. Re-
sul ts of the plate counts are incorporated in. the Appendix. 
To determine if the concentration of stilbestrol could be related 
.9 
to the enhancement of growth, studie~ were performed in which the con-
centration of stilbestrol was varied. Results of this experimentation, 
shown in Figure 1, indicated that the degree of stimulation was depend ... 
ent on the concentration of stilbestrol, since ti.e initiation o:r growth 
occurred earliest in the highest concentration of stilbestrol (5.0 mg 
per ml.), followed by growth in the 1.0 mg per ml., O.l mg per ~l., 
and o.o mg per ml. respectively. Aliquots from this test system were 
removed from the tubes at various time intervals, placed directly into 
Warburg flasks, and oxygen uptake measured following a temperature equilib-
ratjon period of 30 minutes. The results from aliquots removed at 43 
-
hours are presented in Figure 2. In general, it was observed that oxy-
gen consumption was greater in the stilhestrol containing systems. The 
increased oxygen consumption per unit time in stilbestrol vessels may 
be accounted for by the increased number of cells dnce growth origin·ated 
earlier in these systems •. Since additional starch. was not added to the 
Warburg flask, the substrate concentration may have been limiting in 
the 5.0 and 1.0 mg stilbestrol vessels.· 
Additional experiments were perfoJ;med in which the growth medium 
of the inoculum was varied. The cells used as the inoculum were grown 
in synthetic medium plus starch, then 1.0 ml. of the actively growing 
culture was transferred to each of two tubes, one containing starch med-
ium, the other containing starch medium plus stilbestrol. The per cent 
transmittance of the starch control and stilbestrol containing tubes 
were: 74 and 72 at 2 ·hours; 66 and 67 at 4 hours; 65 and 63 at 6 hours; 
47 and 49 at 19 hours. These results showed that growth-stimulation did 
not occur under these conditions, since growth in the stilbestrol con-
taining tube did not differ appreciably from that in the starch control, 
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The data suggest that the stilbestrol-stimulation of the growth of ,A. 
aerogenes in the synthetic starch medium is due to a stimulatory effect 
on the.enzyme responsible for starch hydrolysis, eit}ler by stimulatipg 
the enzymic reaction or by stimulating enzyme formation. The latter 
suggestion seems more reasonable since growth of the cells which were 
actively metabolizing starch was not influenced by the addition of stil-
bestrol. Results which show that the lag period was shortened when 
stilbestrol was present during the "adaptation"period also support this 
view, as it would seem that the initiation of growth would occur at the 
same time in the presence or absence of stilbestrol if the enzyme forma-
tion were not being stimulated. 
~ Effect .Qi StUbestrol .9!! ,$1bstrate QeidaUon 
It has been reported that stilbestrol influences the rate of oxida-
tion of various substrates by animal tissues (4, 8, 9, 11, 12, 13, 14, 
23) and yeast cells (15, 17, 18, 19). In addition, results obtained in 
the experimentation reported in the previous section indicated that stil-
bestrol influences the oxidative dissimilation of starch by A· a~rogenes. 
To determine if this estrogen is capable of influencing the oxidation of 
other compounds, manometric experiments were performed in which a number 
of carbohydrates and metabolic intermediates were employed as substrates. 
A· aerogenes cells were grown on nutrient agar for 2()...24 hours at 
37° C, harvested, washed three times with o.ooa M phosphate buffer of 
pH 7.0, and resuspended in buffer. Stilbestrol was suspended in 0.01 N 
sodium hydroxide and allowed to stand with intermittent mixing for 1 hour 
before being incorporated in the test system in a final concentration of 
0.36 mg per ml. The substrates were dissolved in 0.008 M phosphate buf-
fer and the pH adjusted to 7.0. 
13 
The cell suspension and stilbe$trol were placed in the reaction com-
partment of the Warburg flask, and the substrate was pipetted into the 
sidearm. After a temperature equilibration period of at least 20 minutes, 
the substrate was dumped into the flasks. The final pH of the flask con-
tents was 7. 8-8.0. Substrate and stUbestrol controls were run con.cur-
rently. 
The data obtained in these studies indicate that stilbestrol inhibits 
the oxidation of maltose, fructose, glucose, glutamate, oxalacetate, sue-
cinate, and pyruvate. The inhibition appeared to be on the rate of oxi-
dation of these compounds rather than the extent of oxidation, since the 
total oxygen consumed in the presence and absence of stilbestrol was es~ 
sentially the same. The estrogen did not affect endogenous respiration 
significantly. 
In opposition to the inhibitory effect was the observation that stil-
bestrol stimulated the oxidation of raffinose (Figure 3). Again, the ef-
fect appeared to be on the rate of 9xidation rather than on the extent, 
as the total oxygen consumption in the stilbestrol contdning system did 
not differ appreciably from that of the raffinose c~ntrol. 
The observations which indicated that glutamate oxidatiop is inhib·i t-
ed, and that stilbestrol did not influence the endogenous respiration of 
A. aerogeges, are in opposition to reports that stilbestrol does not af-
fect yeast cell respiration in the presence of glutamate (15), but in-· 
creases endogenous respiration (15, 18). It is quite possible that th~ 
differences in results may be due to varied experimental conditions 1n·· the 
differing biological systems employed in these studies. In order to de• 
fine the conditions under which stilbestrol influences the metabolism of 
A. aerogenes, additional experimentation was undertaken. 
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Factors l.nfluencing the iEffects 91 Stflbestrol 
It has been suggested that the discrepancies in experimental resu'lts 
which have been reported concerning the effects of stilbestrol on anim'al 
tissues have been due to varied experimental conditions Cl4). Deviations 
in manometric procedures wer~ made in order to more clearly define the 
conditions under which stilbestrol affects the metabolism of ,A. aerogm,es. 
To ascertain if preexposure of the cells to the estrogen influenced 
the observed effects, identical sets of flasks were prepared and the sub-
strate was dumped in one set of vessels at intervals of 0, 1, 2, 3, and 
4 hours respectively. Results indicated that the inhibition of oxygen 
uptake may be correlated to the length of time the cells were exposed to 
stilbestrol prior to dumping the substrate, since the degree of inhibition 
increased as the length of time of preexposure increased. This preexpo-
sure effect was observed when glucose, maltose, fructose, succinate, or 
pyruvate oxidation was followed. Figure 4 presents the results optained 
when succinate was employed as the substrate, showing that the degree of 
inhibition was greater after 3 hours of pree:,q>osure to stilbestrol than 
at O hours. The stimulation of raffinose oxidation was also found to be 
dependent on preexposure of the cells to stilbestrol, as the .initiation 
of oxidation occurred earlier with increasing lengths of exposure time 
(Figure 5). These observations are in accord with results obtained when 
mammalian tissues were exposed to stilbestrol for increasing time periods 
(23). 
To determine what effect hydrogen ion concentration might have on 
the stilbestrol-inhibition of glucose oxidation, the pH of the flask con-
tents were varied to include the range of 7.0 to 8.5. Data from this 
study, shown in Table I. indicated that stilbestrol exerts little, if any, 
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TABLE I 
THE OXIDATI Cl'i OF GLUCOSE BY !J,, AEROGENES IN WE PRESENCE AND 
ABSENCE_OF_STILBESTROL AT VARYING INITIAL pH 
Oxvaen Untake in Micrnliters 
Time in pH 7.1 pH 1:-~ pH 7.9 pH 8.5 
Minutes Control Stilbestrol Control Stilbestrol Control Stilbestrol Control · Stilbestrol 
15 
25 
35 
-45 
55 
65 
125 
168 
212 
253 
274 
289 
111 
159 
195 
232 
253 
271 
102 
145 
181 
213 
225 
235 
89 
139 
176 
213 
230 
243 
117 
168 
211 
253 
268 
273 
82 
133 
180 
217 
253 
275 
120 
168 
214 
247 
255 
260 
83 
126 
166 
205 
242 
248 
-co 
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effect at pH levels below 7.5, as the rate of glucose oxidation in the 
presence of stilbestrol was essentially the same as in the glucose con-
trol. However, above this pH the inhibition in the rate of oxygen uptake 
was reproducible and appears to be enhanced as the pH is shifted toward 
more basic conditions. It is possible that changing the pH results in 
an alteration of the permeability barrier, thus accounting for the ob-
served effects. However, this does not seem plausible since the shift 
in pH did not influence the rate of substrate oxidation in the controls. 
Since stilbestrol is more soluble in slightly basic solutions than in 
neutral solutions. it is suggested that the increased effect at higher 
pH levels may be due to more stilbestrol being in solution, thus in-
creasing its concentration at the sensitive sites. Studies were also 
conducted to determine if the observed effects could be a function of 
stilbestrol concentration. The oxidation of glucose and raffinose were 
studied with varying estrogen concentrations (Figure 6). Results showed 
that the inhibition of glucose oxidation is related to stilbestrol con-
centration, as the rate of oxidation decreased with increasing inhibitor 
concentration. Stilbestrol concentration is also functional in the stimu-
lation of raffinose oxidation, since increasing estrogen co.ncentrations 
enhanced oxygen uptake. Results also indicated that there may be two 
levels in the stimulatory effect. 
These studies, concerning the conditions under which stilbestrol in-
fluences oxidations by A. aerogenes, indicated that the degree of inhibi-
tion could be correlated with estrogen concentration, preexposure of the 
cells, and the pH of the reaction system. These factors also influence 
the stimulation of raffinose oxidation. Results suggest that these vari-
ables may exert their effect by allowing stilbestrol to reach the sensitive 
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site(s) in a higher concentration thereby resulting in enhanced effects. 
However, it is also possible that stilbestrol is influencing cell-wall 
mechanisms which may involve the active transport of substrate across the 
cell membrane. 
Stilbestrol Inhibitions in intact .ans! Ruptured cells 
In order to ascertain if the inhibitory activity of stilbestrol was 
due to its influencing cell-wall mechanisms or intracellular enzyme sys-
tems, studies were conducted which allowed a comparison of the effect of 
stilbestrol on intact cells and cell-free extracts of ,A. aerogenes. Since 
stilbestrol stimulates the growth of this organism in starch and is also 
capable of enhancing raffinose oxidation, it did not seem likely that 
the inhibitory effect observed in other substrate oxidations was due to 
bactericidal activity by the estrogen. However, to clarify this possi-
bility, duplicate flasks were prepared and viable counts were made from 
one set of flasks while oxygen consumption was measured in the other. 
Colony counts made from the test systems at various time intervals show-
ed that this estrogen does not influence the number of viable cells (Ta-
ble II). These data indicate that the decreased rate of oxygen consump-
tion is not the result of bactericidal activity by the estrogen since 
the number of viable cells in the stilbestrol containing system did not 
differ from the number in the controls. 
Experiments were also performed in which su-bstrate oxidation was 
studied after allowing the cells to stand in the presence and absence 
of stilbestrol for as long as 5 hours. Following standing the cells 
were washed twice, standardized to the same turbidity, and glucose oxida-
tion was measured in the presence and absence of stilbestrol. Results 
from this experimentation, shown in Table III, indicated that soaking the 
TABlE II 
TOTAL NUMBER OF VIABLE CELLS FOLLOWING EXPOSURE OF A• AEROGENES 
TO STILBESTROL FOR VARYING TIME PERIODS · . 
- -
Number of Viable Oraanisms per mlo 
Expt. Time of Exposure 
Initial 1 Hour 2 Hour 3 Hour 
-No. Count Control Stilbestrol Control - Stilbestrol Control Stilbestrol 
1 
2 
3 
4 
5 
X 108 X 108 X 108 X 108 
53 
71 
46 
108 
113 
40 
60 
41 
109 
117 
61 
82 
43 
96 
98 
48 
112 
105 
26 
124 
89 98 101 
N 
N 
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TABLE III 
THE OXIDATI(}tl OF GLUCOSE IN TUE PRESENCE AND ABSENCE OF STILBESTROL 
AFTER SOAKING ,A. AEROGENES CELLS IN THE PRESENCE 
AND ABSENCE OF STILBESTROL 
O~IQ~D Ugtok~ in M;i.c1:olit~rs 
Time in Untt~at~a and Wa&b~d §Ullu~u1:ol Tr~ot~d and Wa§bed 
Minutes Control Stilbe§trol Control Stilbe§trol 
10 85 73 90 74 
20 185 175 191 163 
30 245 233 256 222 
40 306 293 296 252 
50 345 328 311 266 
60 350 334 314 271 
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cells in stilbestrol did not influence their ability to oxidize glucose 
after the stilbestrol had been removed by washing, since the rate of 
oxygen uptake by estrogen-treated and washed cells was nearly identical 
to that of cells that had not been exposed to stilbestrol but had under-
gone the same treatment otherwise. In the presence of stilbestrol the 
rate of oxygen consumption was inhibited in both the treated and untreat-
ed cells. These data suggest that the estrogen must be present to exert 
its influence and does not do irreversible damage to the cell. 
Additional experiments were then conducted to determine if stilbes-
trol would inhibit enzymic reactions by extracts of A. aerogenes. Crude 
cell-free extracts were prepared by grinding the cells with glass beads 
in a Virtis homogenizer and then gently rinsing the beads with a small 
volume of 0.008 M phosphate buffer of pH 7.0. The wash was decanted, 
centrifuged at 50 000 x g for 30 minutes, and the resulting supernatant 
was used as the crude extract • 
. Substrate oxidation was measured by following the rate of reduction 
of either methylene blue or brilliant cresyl blue in Thunberg tubes. All 
components except the substrates were placed in the tubes. The substrate 
was placed in the sidearm. The tubes were then subjected to a vacuum for 
5 minutes with continuous gentle tapping to aid evacuation. The sub-
strate was dumped after a temperature equilibration period of 10 minutes. 
The concentrations of the reaction components per ml . were identical to 
those in the respirometer studies. The hydrogen carriers were employed 
in concentrations which were not inhibitory to the enzymic reactions, 
and varied for different cru.de extract preparations. 
Results indicated that stilbestrol inhibits the rate of succinate, 
pyruvate, and glucose oxidation when either methylene blue or brilliant 
25 
cresyl blue are employed 0 since the rate of dye reduction in the presence 
of stilbestrol was markedly slower than in its absence. Additional ex-
perimentation with crude extracts confirmed the finding that the inhibi-
tion of succinate oxidation is dependent on the concentration of stil-
bestrol0 since increasing the estrogen concentration resulted in a de-
creased rate of dye reduction. Results of experimentation in which the 
reduction of brilliant cresyl blue was followed visually during the oxi-
dation of succinate are presented in Table IV showing that the inhibition 
in the rate of dye reduction is related to the concentration of stilbes-
trol. 
It has been suggested that stilbestrol influences the enzyme systems 
in the cell membrane responsible for the "active transport" of glucose 
into the yeast cell (19). The data reported in this investigation indi-
cate that oxidations by cell-free extracts of A. aeroqenes are also in-
hibited by stilbestrol. These findings do not support the "active trans-
port" hypothesis, since the inhibitions are observed in preparations in 
which cell-walls are no longer intact. The data also indicated that 
soaking the cells in stilbestrol did not result in irreparable damage to 
the cell membrane. It therefore seems feasible to postulate that this 
estrogen is not inhibiting by interfering with the mechanisms associated 
with membrane function in this organism. 
Attempted .Reversal of Stilbestrol ,Inhibition 
Previous reports indicated that the stilbestrol-inhibition of the 
succinoxidase system in animal tissues could be reversed when either 
methylene blue (8) or brilliant cresyl blue (11) was incorporated in the 
system. An additional report states that the inhibition of malate oxida-
tion by animal tissues was reversed by the inclusion of cytochrome c and 
26 
TABLE IV 
THE REDUCTION OF BRILLIANT CRESYL BLUE DURING OXIDATI~ OF SUCCINATE BY 
A CRUDE CELL-FREE EXTRACT IN THE PRESENCE AND ABSENCE 
Stilbestrol 
Concentration 
Succinate 
0.1 mg 
Stilbestrol 
0.2 mg 
Stilbestrol 
0.3 mg 
Stilbestrol 
0.4 mg 
Stilbestrol 
OF VARYING CONCENTRATIONS OF STILBESTROL 
Reduction of Brilliant 
Cresyl Blue 
1 hr. 2 hr. 
+ + 
+ 
3 hr. 
++ 
++ 
+ 
5 hr. 7 hr. 
++++ 
++ ++++ 
+ +++ 
++ 
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diphosphopyridine nucleotide (14), These workers suggested that cyto-
chrome oxidase and succinic deµydroge~ase a~e sensitiye to the e~trogen. 
To elucidate the inhibitory activity of stilbestrol on substrate 
oxidation by A. aerogenes, various additives were incorporated into sys-
tems employing either suspensions of intact cells or crude cell-free ex-
tracts as the oxidizing agent. Manometric and Thunberg studies were per-
formed in accordance with methods previously described. 
Results from respirometer experiments utilizing cell suspensions in 
which a wide range of dye concentrations were employed, indicated that 
neither methylene blue nor brilliant cresyl blue reversed the stilbestrol-
inhibition of the rate of oxidation of maltose, fructose, glucose, sue-
cinate, oxalacetate, or pyruvate. Representative results demonstrating 
that succinate oxidation is not reversed by methylene blue or brilliant 
cresyl blue are shown in Figure 7. 
Other additives such as diphosphopyridine nucleotide (0.1 mg), 
adenosine triphosphate (0.2 mg), or cytochrome c (O.l-0.2 mg) were added 
to the test system with the electron acceptors. The results indicated 
that these additives did not overcome the inhibition. The suppression 
of oxygen uptake was also observed when the enzymic cofactors manganese, 
calcium, and magnesium were included in the system. 
Thunberg experiments were performed with crude cell-free extracts. 
The rate of dye reduction was fol~owed visually or by measuring the change 
in per cent light transmittance in a Spectronic 20 colorimeter, Results 
obtained from studies in which glucose, succinate, or pyruvate were em-
ployed as substrates indicated that stilbestrol suppressed the reduction 
of both methylene blue and brilliant cresyl blue. Additional investiga-
.. 
tion with crude extracts indicated th.at the estrogen inhibition was not 
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340 
A Endogenous . 
• Succinate (2.5 x 10-5M) 
x, Succinate + stilbestrol (1. 3 x 10-3M) 
0 · Succinate + stilbestrol + brilliant cresyl blue (l; 132,001 
a Succinate + ~tilbestrol + methylene blue (1: 22Q,OOO) 
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Figure 7. The Oxidation of Succina~e by A,. ·u~:,;:og~QCI in the 
Presence and .Absence of StiU~estrol and Added 
Electron Acceptors 
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cMor,'Je, 
relieved by 2, 3, 5-triphenyl-tetrazoliumA(Figure 8), cytochro~e c, diPh_:-
osphopyridine nucleotide, or riboflavin-5-phosphate. Similar studies in-
dicated that yeast extract, vitamin-free casein hydrolysate, or casamino 
acid was also ineffective in reversing the effects of stilbestrol. 
These data show that the inhibition of substrate oxidation could not 
be reversed by the addition of various organic metabolites, electron car-
riers, or metallic ions which function as enzymic cofactors. The obser-
vation that the inclusion of various additives did not reverse the inhibi-
tion could be explained on the basis that the additives were not penetrat-
ing the cell-wall, thus not reaching the estrogen sensitive sites. How-
ever, since cell-free systems were also inhibited by stilbestrol in the 
presence of the various additives, it seems more feasible to suggest that 
stilbestrol was interfering with oxidations by influencing intracellular 
metabolic mechanisms. Since substrate utilization involves a number of 
oxidative mechanisms, it was speculated that stilbestrol might be inter-
fering with hydrogen transport systems, either by inhibiting the primary 
enzymes orby interfering with electron transport. The latter suggestion, 
however, does not seem likely since the incorporation of electron carriers 
did not overcome the inhibition. Nevertheless, the speculation has merit 
in view of reports that (a) enzyme systems from various biological sources 
do not respond to the same artificial electron carriers UO), (b) stil-
bestrol is capable of existing as a quinone (6, 7, 9), and (c) naturally 
occurring estrogens may be involved in certain transhydrogenation reactions 
(21). 
Stilbestrol Activity .in Hydrogen Transport Mechanisms 
Experimental evidence indicated that stilbestrol influenced the oxi-
dation of a number of substrates by A. aeroqenes. Additional results 
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indicated that hydrogen transport mechanisms might be the sensitive sites 
in the inhibitory activity of the estrogen. In order to elucidate the in-
fluences that stilbestrol might exert on electron transport mechanisms, 
various cell-free extracts and protein fractions of ,A. aerogenes were pre-
pared and employed in studies of oxidative reactions. 
In recent years it has been reported that the naturally occurring es-
trogen, estradiol, functions in transhydrogenation reactions in certain 
animal tissues (21). The reactions reported to be involved in the assay 
of transhydrogenase activity are as follows: 
+ (I) Substrate + TPN 
(II) DPN+ + TPN• H 
-~..,. ... -.,.. Product + TPN· H + 1t 
DPN• H + TPN+ 
The transhydrogenation reaction (II) is reported to be estrogen dependent. 
To determine if the synthetic estrogen stilbestrol might be functioning as 
a catalyst in transhydrogenation reactions in A. 9erog~pe~, experiments 
were performed in which the oxidation of glucose-6-phosphate by glucose-6-. 
phosphate dehydrogenase and isocitrate by isocitric dehydrogenase were 
followed. Crude cell-free extracts demonstrated a high endogenous capac-
ity to reduce pyridine nucleotides, therefore solutions obtained by am-
monium sulfate fractionation were employed in these studies. The protein 
solution, manganese chloride Cl uM), tris buffer of pH 7. 6 (200 uM), 0.1 
mL of 0. 01 N sodium hydroxide or stilbestrol (20 ug) in sodium hydroxide, 
and distilled water to a final volume of 3. 0 ml. was added in a 1 cm 
cuvette. TPN (O.l u~O. DPN (1.0 u.M), and substrate were added at various 
time intervals. The change in optical density was measured at 340 mu in 
a Beckman DU spectrophotometer, in order to determine the reduction of 
pyridine nucleotides. 
Results obtained in these studies, shown in Figure 9, indicate that 
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stUbestrol apparently did not function in the transfer of electrons from 
from TPN· H to DPN+ (reaction II), since after the reduction of TPN occur-
red (reaction I), a further increase in optical density was not observed 
on the addition of DPN. This finding is in agreement with results obtain-
ed from known estradiol sensitive transhydrogenation reactions in which 
stilbestrol did not influence transhydrogenase activity (21). The data 
. + 
did indicate that the reduction of TPN (reaction I) was inhibited in the 
presence of stilbestrol when either glucose-6-phospJiate or isoci trate 
were employed as the substrate, Figure 10 <Jemonstrates typical results 
obtained when glucose-6-phosphate o~iq~tion w~s followed in the presence 
and absence of various concentrations of stilbestrol. The data indicate 
. + 
that the inhibition in the rate of TPN redqction may be correlated to the 
concentration of stilbestrol. However, the extent of inhibition of TPN· U 
formation appeared to be essentially the same in all concentrations of 
stilbestrol employed (0~ 4, 20, and 40 mg respectively). Similar results 
were obtained when isocitrate was employed as the substrate. These find-
ings suggest that stilbestrol might be serving as an electron carrier or 
an electron trap. It has been reported that stilbestrol is capable of 
forming an unstable quinone (7), therefore, the possibility that stilbes-
trol might be existing in a quinone form under the conditions of this ex-
perimentation was investigated, 
A stilbene-quinone was first prepared by Euler and Adler (6) b,Y using 
lead tetraacetate as the oxid~zing agent for stilbestrol which could be 
dissolved in a variety of organic solvents. Fieser (7) prepared a stil-
bene-quinone in a solution of aqueous potassium molybdicyani<Je with an 
alcoholic buffer. More recently, Hocnster and Quastel (9) while deter.,.. 
mining the effect of stilbestrol on substrate oxidations reported that a 
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stilbene-quinone was formed by including manganese dioxide in the system 
of reactants. To as.certain if stilbest:rol. might be converted to the qui-
none fo?'Dl under the conditions of the experimentation. reported herein.~. 
spectra of solutions of a stilbene-quinone prepa;red with manganese di':" 
oxide, and the experimental solution of stilbestrol .in sodium hydroxid~ 
employed .in these studies, were examined. The spectra of the two stil~o .. 
bestrol preparations are shown in Figure 11. The spectra of the experi-
mental stilbestrol solution and the stilben~quinone are quite. similar 
in that they both show an alisorpti<>n. peak at approximately 250 mu. It 
was also observed tbat the stilbene•quinone solution had a yellow color 
which was similar to that observed developbg in the s;tilbestrol solution 
on standing at room temperature. Fiese! (7) also reported development of 
a yellow color on formation of stilbene .... qt\inone. The data indicated that 
stilbestrol appears to be capable of existing in the quinone form under 
the conditions of this experimentation. If this is true .then these two 
materials should behave similarly in an experimental system. 
· To elucidate the activity 0.f stilbene,..quinone in the experimental 
system stilbestrol solutions which were. ag.ed for varying time periods 
~ 
and the pr.epar~d quinone were studied $imultaneoudy. The stilbestrol 
solutions and the prepared quinone were added to identical test systems 
+ and the rate of TPN reduction w~s followed employing glucose-6-phosphat~ 
.,,. . . ' 
as the substrate. Results (Figure 12) indicated that the stilbene-
quinone demonstrated an inbibi tory acti.vi ty .si@il,a,r ~o that o~:,:ved in 
.. . . ~~ ... 
the test system containing the aged stilbestrol solution. The fresh 
stilbestrol solution also inhi~ited T~+·reduction, but to a lesser ex-
tent than the stilbene-quinone and aged solution. These :,findings suggest 
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that stilbestrol may affe;tct metab<>lic reactions by in~luencing el,ctrori. 
transport .. The evidence sugge$ts that ihe estrogen is serving as a hy-
drogen carrier, since suppression of ra.te and. extent of TPN+ reducti,on 
was observed in the presen~e of stilbestrol. 
CHAPTER IV 
SUMMARY AND CONCLUSIOO 
· This study was undertaken to elucidate the effect of stilbestrol on 
metabolic processes of ,A. aer9gepes. Results of tbe experimentation rel"' 
ported herein show that stilbestrol exerts a stimulatory effect qn the 
growth of ,A. aerogenes in a synthetic salts medium containing starch. 
Additional experiQ1entation indicated that the rate of raffinose oxi• · 
dation by.· this.:.. organism is stimulated in the presence of the synthetic 
estrogen. The test organism was not capable of utilizing stilbestrol as 
a source of carbon and energy. In opposition to the stimulatory trends 
were the observations which indicated that stilbestrol inhibited the oxi..-
dation of maltose, fructose, glucose, glutamate, oxalacetate, succinate, 
and pyruvate. The.se inhibitions were observed in oxidative reactions of 
intact cells, cell-free extracts, and protein fraeticms of ,A. aerogenes. 
The experimental data indicate .that the acti yitr of stilbestrol 
could be correlatedto the estrogeµ concentration, preexposure of the 
cells to stilbestrol, and the pH of the reaction system. Results sug-
gested that these variables influenced the system by allowing higher con-
centrations of stilbestrol to reach the sensitive sites. Stilbestrol did 
not appear to exert a bactericidal effect~ 
Additional experimentation indicated that the stilbestrol inhibition 
of glucose, succinate, or pyruvate oxidation by intact cells or cell-free 
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extracts, could not be reversed by the incorporation of a variety of com-
pounds which are active in electron transport. In addition, the inclusion 
of various organic metabolites and metallic ions did not result in reversal 
of the suppressed oxidation. Experimental evidence was also obtained w~ich 
indicates that stilbestrol does not function in transhydrogenation reac-
tions in A. aerogenes . 
These results appear to be conflicting and contradictory. However, 
the observation that stilbestrol may exist in the quinone form, under the 
conditions of the experimentation reported in this investigation, allows 
explanation of these phenomena. 
It is suggested that stilbestrol exerts its activity on the metabolism 
of A. aerogene§ by serving as an electron carrier or trap. It is proposed 
that in substrate oxidations where oxygen consumption is enhanced or growth 
stimulated, stilbestrol is serving as .a. hyJirog.en,. donor to intracellular 
anabolic processes thereby resulting in the more rapid synthesis of cel-
lular components. By serving as an additional electron donor to synthetic 
mechanisms, the rate of enzyme synthesis could be stimulated thereby account-
ing for the observed stimulatory effects. It is interesting to note that 
this effect was observed with substrates requiring a period of "adapta-
tion . " This interpretation is supported by the observation that the rate 
rather than the extent of oxygen consumption was influenced. The diver-
sions of electrons to a stilbene-quinone rather than to oxygen would give 
a decreased rate of oxygen consumption, while the donation of these hy-
drogens to anabolic reactions could result in increased cellular activi-
ty, thus the total oxygen consumed would not necessarily be affected. 
Similar explanations may be applied to the results obtained with 
ammonium sulfate fractionated protein solutions of A. aerogenes. Results 
41 
indicated that TPN+ reduction was decreased in the presence of stilbes-
trol during glucose-6-phosphate and isocitrate oxidation. The fraction-
ated protein solutions required the addition of electron carriers in or-
der for substrate oxidation to occur, which indicated that the electron 
transport systems had either been removed or were present in ineffective 
quantities. It is also reasonable to assume that all of the components_ 
required for anabolic reactions to proceed were not present. In the ab-
sence of cellular electron transport systems and synthetic mechanisms, 
it is suggested that stilbestrol may serve as an electron donor for oxy-
gen or an intermediate carrier to oxygen. or as an electron trap. This 
+ explanation would apply to the decrease in TPN reduction in the presence 
of stilbestrol, as the quinone form may be accepting hydrogen that would 
otherwise go to TPN+, or may be oxidizing TPN•H as it is formed but at 
a slower rate thus accounting for the decrease in optical density change. 
The unknown acceptor of electrons from stilbestrol is probably limiting 
in this system, since all concentrations inhibit to about the same e~'{;tent 
though not at the same rate. 
Experimental results have not yet b~en obtainedwhich confirm these 
suggestions, since a satisfactory method for following the oxidation and 
' 
reduction of stilbestrol has not been devised. However, the author sug-
gests that the experimental evidence included in this report substantiates 
the view that stilbestrol is functional as an intracellular hydrogen car-
rier. The site and mechanisms of stilbestrol activity in the electron 
transport system remains to be elucidated as to the sites and mechanisms 
of stilbestrol activity in anabolic processes. 
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Results of plat~ counts which were performed to conftrm the results 
obtained by measuring the growth rate of A. ijfn,:qgepes in the. presence 
and absence of stilbestrol, employi~g variou$ carbohydrates as iources 
of carbon and energy~ 
TABLE V. 
TOTAL NUMBER OF VIABLE CELLS IN A SYNTHETIC MEDIUM 
CONTAINING GWCOSE AND GUJCOSE PLUS STILBE;STROL 
Time in 
1Jpurs 
0. 
2 
4 
6 
All counts x 106 
Glupp§fl 
5.2 
12.6 
60.0 
170.0 
TABLE. VI 
Glucose+ 
§UUte§trol 
70.0 
l.70.0 
TOTAL NUMBER OF VIABLE CELLS IN A. SYNTHEl'IC MEDIUM 
CCl\lTAINING ,MALTOSE.ANO MALTOSE PLUS STILBESTROL 
Time in 
Hours 
0 
3 
5 
8 
11 
All counts x 107 
0.2 
1.1 
4.7 
67,0 
90.0 
45 
Maltose+ 
Stileestrol . 
o •. 9 
4.8 
60.0 
95.0 
TABLE VII 
TOTAL NUMBER OF VIABLE CELLS IN A SYNTJIBTIC MEDIUM 
CCX'JTAINING RAFFINOSE AND RAFFINOSE 
Time in 
Hours 
0 
2 
4 
8 
24 
All counts x 107 
PLUS STILBESTROL 
. Raffj.tl9Se 
o •. 3 
0.6 
12.6 
88.0 
138.0 
TABLE VIII 
Raffinose + 
Stilbe§trol 
0.5 
12 .. 7 
81.0 
127,0 
TOTAL NUMBER OF VIABLE CELLS IN A SYNTHETIC MEDIUM 
CONTAINING STARCH ANO STARCH PLUS STIU3ESTROL 
Time in 
Hours 
0 
24 
41 
46 
49 
55 
All counts x 10 7 
$tprch 
0.3 
0.9 
2.0 
148.0 
190.0 
430.0 
Starch+ 
Sti1bestrol 
10.5 
190~0 
359~0 
430~0 
400~0 
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